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INTRODUCTION 
Model based POD estimates constitute a powerful tool for addressing 
a wide variety ofissues relating to NDE reliability. These estimates can, for 
example not only provide insight into factors affecting detectability but also 
assist in determining optimum test parameters. Model based POD 
estimates can also playa crucial role as a vehicle for interpolating and 
extrapolating results obtained from experimental POD models. Such use 
can lead to significant cost benefits particularly in situations involving 
defects that are difficult and expensive to replicate in a laboratory in large 
numbers. 
Interest in POD estimates is driven by the fact that the process of 
NDE signal measurement is not deterministic and signals generated by 
identical flaws (or alternatively signals obtained by repeated scans of the 
same flaw) are seI dom the same. The process is therefore not deterministic 
hut has a stochastic component associated with it. The variahility 
introduced in the measurement can be caused by several factors including 
surface roughness, material properties such as conductivity and 
permeability, scan format and so on. 
This paper presents a POD model for eddy current inspection 
techniques. The overall schematic of the model is shown in Fig. 1. A finite 
element measurement model is used to predict the measurement values. 
The factors influencing the measurement are perturbed to generate the 
ensemble of signals characterized by conditional probability density 
functions. The probability of detection, probability of false alarm and 
probability of false acceptance are then estimated by appropriate 
integrations of the density function. 
PRINCIPLES OF EDDY CURRENT INSPECTION 
The eddy current NDE technique [1] is used extensively in several 
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Fig. 1. A schematic of the Eddy Current POD model. 
industries mainly due to its noncontact nature. The physical principles of 
the eddy current method is illustrated in Fig. 2. When a coil excited by an 
alternating current source is brought close to a conducting material, the 
primary field set by the coil induces eddy currents in the material, setting 
up an opposing secondary field. In a nonmagnetic test object, this results in 
a reduction of the net flux linkages of the coil, thereby reducing the 
inductance of the coil. The resistance measured at the terminals of the coil 
is also altered to account for the eddy current losses within the material. 
The presence of adefeet or inhomogeneity in the material eauses a 
redistribution of the eddy eurrents, thereby changing the eomplex 
impedanee of the probe eoil. Changes in the eoil impedanee eaused by 
defeets in the material are represented as trajeetories in the impedanee 
plane and used for defeet eharaeterization. 
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Fig. 2. Physieal principles of the eddy eurrent method. 
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From considerations of the operating frequencies and dimensions of 
the experimental set-up, the eddy currents constitute a quasi-static 
phenomenon. Under these conditions the displacement current is neglected 
and the Maxwell's equations are 
- - aB (1) Vx E=--
at 
VxH=J (2) 
V.B=O (3) 
V.D=O (4) 
Assuming a linear, isotropie and homogeneous medium the constitutive 
relations are 
Decoupling equations (1) and (2) using the constitutive relations, the 
goveming equations for the fields and currents are 
2_ aE 
V E =JlO"at 
2_ aH 
V H = JlO"-at 
2_ aJ 
V J = JlO" at 
For a single frequency sinusoidal excitation, the one-dimensional 
form of(lO) can be written in the phasor form as 
:L 
a J -
--= jCOJlO"J 
ax2 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
Typically, the eddy current probe impedance measurements are 
influenced by several factors such as lift-off variations, material properties 
such as permeability and conductivity, temperature variations, probe 
canting angle, scan format and measurement noise. In order to quantify 
the detectability ofthe eddy current method, one needs a model that can 
predict flaw signals in the presence of the variabilities of measurement 
conditions. The finite element method developed by Lord and Palanisamy 
[4] is used here to serve as the measurement model. 
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THE FINITE ELEMENT MODEL 
The numerieal model employing the finite element teehnique solves 
the governing differential equation in terms of the magnetie veetor potential 
as shown below 
.1 2- --V A=jwoA-Js 
fJ 
Applying the principles of variational ealeulus, the differential 
equation is solved by minimizing an appropriate energy funetional 
expressed as 
(12) 
F= J J [ 2~ {1~~12 +I~~+~r} + ~AI2_JsA] rdrdz (13) 
R 
Where J s= Souree eurrent density 
A = Magnetie veetor potential 
cr = Conduetivity of the test specimen. 
The major aspects of finite element modeling for eleetromagnetie 
NDT problems are deseribed in a number ofreferenees [2,3]. The region of 
interest is subdivided into a finite number of triangular elements eonneeted 
to eaeh other at a diserete set of nodal points. The variation of the 
eontinuous field quantity is approximated by a polynomial in sueh a way 
that the approximated nmetion is eontinuous aeross the interelement 
boundaries. The nodal point values are determined by minimizing an 
energy related functional derived from the governing equation, whieh 
yields a set oflinear equations in the unknown nodal point values. Sinee the 
unknown value at eaeh node is expressed in terms of the values at the 
adjoining nodes the resulting matrix is sparse, banded, symmetrie and 
diagonally dominant. These attributes make the numerical computation 
robust and stable. 
PROBABILITY OF DETECTION MODEL 
To evaluate the prob ability of deteetion, the measurement model is 
simulated repeatedly with random perturbations in the measurement 
eonditions. The model predicts signals that are distributed about a mean 
value. The distributions of the peak amplitude of the signals without a flaw 
(p(y/xo» and in the presence offlaw (P(y/Xl» are shown in Fig. 3. Ifwe now 
select a value T of the peak amplitude as the threshold level, then the 
probability of detection (POD) is equal to the integral ofthe conditional 
density function of the flaw signal given by 
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00 
POD = f p(y/xt> dy ; 
T 
(14) 
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Fig. 3. The distributions of the peak amplitude of the signal 
without a flaw and in the presence of a flaw. 
similarly, the probability offalse alarm (PFA) is given by 
00 
PFA = f P(y/xo) dy 
T 
(15) 
and the probability of false acceptance which is simply (1 - POD) is given by 
(16) 
-00 
The random perturbations in measurement variabilities are typically 
derived from an appropriate distribution. The degree of overlap between the 
on-flaw and off-flaw signal distribution is in general a function of the flaw 
size. The overlap area increases with decreasing flaw dimensions. 
SIMULATION RESULTS 
An eddy current inspection system consisting of an absolute eddy 
current probe scanning the surface of an aluminium plate was modelled. 
The physical dimensions of the probe geometry are summarized in Table 1. 
Perturbing the liftoff of the probe by values derived from a gaussian 
distribution of zero me an and variance, 10-4 mm, the distribution of the 
peak magnitude of the eddy current flaw signal was obtained. The flaw 
dimensions were chosen to be 10 mil width and 10 mil depth. The resulting 
distribution is plotted in Fig. 4. along with the corresponding background 
signal distribution. The threshold T was chosen by setting the prob ability of 
false alarm to be 0.05. The probability of detection for the flaw was then 
calculated to be 0.81. The second experiment involved simultaneous 
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Table 1. Physical dimensions of the probe. 
Inside diameter (nun) 1.07 
Outside diameter (mm) 2.62 
Mean coil radius (mm) 0.92 
Coil length (mm) 2.93 
Lift-ofT height (nun) 0.56 
Number of turns (mm) 235 
perturbation of several measurement variabilities such as liftoff, surface 
roughness, temperature, material conductivity and measurement noise. 
The signal distributions with and without flaw were computed and setting 
the threshold as before, the probability of detection for the same flaw in this 
case reduced to 0.76. 
The POD model was also used to calculate the probability of detection 
as a function of the flaw width by simulating the measurement model, for 
various flaw widths and computing the POD for each flaw using a given 
threshold. These results are plotted in Fig. 5. 
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Fig. 4. The p.d.f. of the peak amplitude of the signal due to 
liftofT variations. 
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Fig. 5. POD as a function of flaw width. 
CONCLUSIONS 
Model based POD estimates are useful for understanding the 
influence ofvarious factors affecting the detectability of eddy current NDE 
inspections. Future work involves incorporation of the POD model into a 
CAD framework. This will allow the use of a fracture mechanies model for 
predicting the critical flaw size which can be input to the measurement 
model for POD calculations. 
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